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Proteus mirabilis, the most widespread species of all Proteus spp. bacteria, is proven
to be one of the most universal pathogens in chronic wounds. In this case, a woman
in her 40s consulted a physician about an asymptomatic ulceration with a stalactite
appearance at the distal end of the index finger after she was exposed to a needle when
vaccinating chickens. The patient did not response to ceftazidime. Physical examination
revealed a well-demarcated violescent ulceration with a stalactite appearance at the
distal end of the index finger. A biopsy of the lesion showed dense infiltration of
multinucleated giant cells, histiocytes, and lymphocytes in the dermis. The result of
metagenomics next-generation sequencing (NGS) showed 306 unique sequence reads
of P. mirabilis, covering 33.49% of the nucleotide sequences. The pathogen was
identified as P. mirabilis, which was resistant to ceftazidime. The patient was treated with
ciprofloxacin hydrochloride and improved considerably. This case reported a distinctive
cutaneous lesion of P. mirabilis on human infection and showed a successful use of
NGS in P. mirabilis.

Keywords: Proteus mirabilis, cutaneous exanthem, next generation sequencing, Proteus spp. bacteria, human
infection

INTRODUCTION

Proteus mirabilis is the most widespread species of Proteus spp. bacteria (1). Culture, biochemical
tests, and multiplex PCR can be used for diagnosis of P. mirabilis (2–4). Metagenomics next-
generation sequencing (NGS) has the potential to identify and quantify new or unexpected
pathogens in challenging situations such as culture- and PCR-negative results (5–8).

CASE REPORT

A 47-year-old woman presented with an asymptomatic ulceration with a stalactite appearance at
the distal of end of the index finger for 30 days. She reported no dyspnea, fever, arthralgias, or
other systemic symptoms. Prior to admission to our department, the patient received ceftazidime
2 mg twice daily, but her lesion worsened. One month earlier, the patient had a needle-stick
injury while vaccinating chickens. However, she did not report any exposure to the vaccine.
Physical examination revealed a well-demarcated violescent ulceration with a stalactite appearance
at the distal end of the index finger (Figure 1). Biopsy of the lesion showed a dense infiltration
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of multinucleated giant cells, histiocytes, and lymphocytes in the
dermis (Figure 2). A culture performed on the cutaneous lesion
was negative in this case. Metagenomics NGS of the specimen
was performed (Supplementary Methods). Four negative and
positive control samples were subjected to the same procedures.
NGS result showed that P. mirabilis had 306 unique sequence
reads, covering 33.49% of the nucleotide sequences (Figure 3).
The pathogen was identified as P. mirabilis, which was resistant
to ceftazidime. The patient was treated with ciprofloxacin
hydrochloride (at a dose of 1.5 g three times daily for 20 days),
and her lesion showed substantial improvement (Supplementary
Figure 1). After 2 weeks, dermatology life quality index (DLQI)
decreased rapidly from 15 to 2.

DISCUSSION

Proteus mirabilis is one of the most universal pathogens in
chronic trauma, accounting for 8.0% (9). Humans were infected
with P. mirabilis from consumption and slaughter of wild
and domestic animals (mammals, birds, reptiles, amphibians,
insects, and seafood) (10). The phenotypic and virulence gene
characteristics in human and chicken isolates of P. mirabilis are
similar (11). Cellulitis has been reported in broiler chickens (12).
However, features of skin lesions in human P. mirabilis infection
are rarely described. Culture is an important diagnostic tool for
P. mirabilis, which has a characteristic swarming motility and
distinct fishy smell (2). There are also both traditional and kit-
based biochemical tests in addition to molecular-based multiplex
PCR, which can be used for diagnosis of P. mirabilis (3).

In this case, the patient had a history of a needle-stick
injury and a specific exanthem of asymptomatic ulceration with
stalactite appearance. The antibiotic (ceftazidime) was ineffective,
and the culture was negative. P. mirabilis may be in a viable but
non-culturable (VBNC) state. It was a state of bacteria where
bacteria under certain conditions of starvation or stress could

FIGURE 1 | Ulceration with a stalactite appearance at the distal end of the
index finger.

FIGURE 2 | Biopsy of the lesion showed dense infiltration of multinuclear giant
cells (red arrow), histiocytes (yellow arrow), and lymphocytes (blue arrow) in
the dermis (hematoxylin and eosin stain, ×400).

FIGURE 3 | Next-generation sequencing and metagenomics analysis.
Proteus mirabilis specific reads and its nucleotide position along the Proteus
mirabilis genome.

enter a state of no division and, therefore, become non-culturable
but in the same time keep their viability and sometimes their
ability to cause infection (13). Thus, VBNC of P. mirabilis was
a possible reason for non-culturability of the bacteria and may
also explain the failure of ceftazidime treatment, which required
actively dividing bacteria to performed their antimicrobial effect
(14, 15).

We chose to perform mNGS to blindly detect the causative
agent, as PCR required multiple tests. Besides, NGS has the
potential to predict antibiotic resistance. Many resistant genes
coding beta-lactamases were detected in P. mirabilis, including
TEM genes, VEB-1 genes, OXA genes, CTX-M genes and CIT
genes, with the TEM genes being the most common resistant
gene (16). In conclusion, this case reported a characteristic
cutaneous lesion of P. mirabilis after human infection and showed
the successful use of NGS in P. mirabilis. Further studies need
to enlarge the sample size to support the clinical utility of NGS
metagenomic testing.
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